Global climate
The global average temperature near the surface of the earth calculated from the third version of the Hadley Centre and Climatic Research Unit's (HadCRUT3) data set in 2010 was 0.50 ± 0.09 degC above the 1961-1990 average (Figure 1(a) ). 2010 is nominally the second warmest year in HadCRUT3, but the uncertainties are such that it is statistically indistinguishable from any of the seven warmest years.
The largest component of the uncertainty in recent years arises from large areas of missing data at high latitudes where there are few observing stations. The National Climate Data Center (NCDC) and the National Aeronautics and Space Administration's Goddard Institute for Space Studies (NASA GISS) data sets estimate temperature anomalies in these regions, with GISS extrapolating temperatures the most extensively. The Arctic has warmed much faster than the rest of the globe and so GISS has reported higher global average temperatures than NCDC and HadCRUT3 in recent years. The analyses produced by NASA GISS (Hansen et al., 2010) and NCDC (Smith et al., 2008) rank 2010 as the joint warmest year.
The warmth of 2010 was due in part to the El Niño that developed in 2009: El Niño events normally lead to a rise in global average temperature. The effects of El Niño on global temperature typically lag temperature changes in the tropical Pacific ( Figure 2 ) by a few months (Trenberth et al., 2002) . The recent El Niño reached its peak strength in December 2009 with an average sea-surface temperature anomaly in the Niño 3 region (150°-90°W, 5°S-5°N, Figure 2 ) of around +1.5 degC. There was a rapid transition from El Niño to La Niña conditions in 2010 and sea-surface temperature anomalies in the Niño regions fell to typically −1 degC by late 2010. Although sea-surface temperatures were not unusual compared to previous La Niña events, related indicators such as surface pressure gradients and cloudiness suggested that this was an unusually strong La Niña. Compared with the 1961-1900 averages for all regions, the near-surface positive temperature anomaly averaged over the northern hemisphere was 0.70 ± 0.10 degC (Figure 1(b) ), making 2010 one of the six warmest years on record; for the southern hemisphere, it was 0.30 ± 0.13 degC (Figure 1(c) ), so that 2010 was one of the twelve warmest years, and in the tropics (20°S-20°N) it was 0.52 ± 0.02 degC (Figure 1(d) ): 2010 was the joint second warmest year on record in this region, with 1998 warmer with an anomaly of 0.62 ± 0.02 degC. Uncertainties in tropical average temperatures are typically smaller than for the hemispheres and globe because temperature anomalies are geographically more coherent in the tropics and the anomaly for a single station is representative of a much wider area.
Figures 3 and 4 show near-surface temperature anomalies and percentiles for 2010. There was widespread warmth throughout the tropics from Brazil east to the western Pacific warm pool. Temperatures over most of the north Atlantic were markedly above average, continuing a pattern that began in the mid 1990s. These high sea-surface temperatures are partly a manifestation of the positive phase of the Atlantic Multi-decadal Oscillation (AMO). The AMO has been shown to influence rainfall in northeast Brazil and the African Sahel, Atlantic hurricane formation, and North American and European summer climate (Knight et al., 2006) .
During the 2009-2010 northern winter (December 2009 to February 2010, Figure 5 ), extreme warmth -temperatures above the 98th percentile of the 1961-1990 distribution -was experienced in large areas of the tropics in response to El Niño. Although temperatures in northern Europe were lower than average, they were not extreme in comparison with the 1961-1990 climatology period, due partly to the warmer than average sea-surface temperatures in the neighbouring seas. Abnormal cold -temperatures below the 2nd percentile of the 1961-1990 distribution -was experienced in central Russia and in the southern USA. The general pattern of northern hemisphere temperatures was typical of the negative phase of the Arctic Oscillation characterized by above average pressure over the North Pole and below average pressure at lower latitudes. The related winter North Atlantic Oscillation index was the most negative it has been in a record extending back more than 100 years ( Figure 6 ).
In March to May 2010, notable warmth was again observed in much of the tropics, with unprecedented sea-surface temperatures in many grid boxes in the tropical Atlantic. Mongolia and Northern China were exceptionally cold; eastern Canada and midlatitude North Atlantic were unusually warm.
Temperatures for June to August 2010 were much above the 1961-1990 average in western Russia (where several grid boxes showed their highest recorded summer average temperatures), eastern Europe and parts of the Middle East. The eastern US, eastern Asia and Indonesia were also unusually warm. Abnormally high sea-surface temperatures persisted in the tropical Atlantic, whilst unusually low sea-surface temperatures were observed off the west coast of the USA.
In September to November 2010, unusual warmth was observed in the Middle East, central Asia, east Africa and in the western Pacific. Abnormal cold affected central Australia and the central and eastern Pacific. Figure 7 shows series and trends in lower troposphere and lower stratosphere temperatures since 1958 (radiosonde era) and since 1978 (satellite era). For reference, these are compared with surface temp erature trends and they illustrate the uncertainty Rayner et al. (2006) . Nino 4 Anomaly (degC) relative to Figure 3. Land-surface air and sea-surface temperature anomalies (degC, relative to 1961-1990) for 2010. The value for each 5º latitude × 5º longitude pixel is derived by averaging at least one month's anomaly. Data are from Brohan et al. (2006) .
(80°-90°W, 0°-10°S), Niño 3 (90°-150°W, 5°S-5°N), Niño 3.4 (170°W-120°W, 5°S-5°N) and Niño 4 (160°E-150°W, 5°S-5°N). Data are an update of
arising from imperfections in observing systems and analysis techniques. The fluctuations in global surface temperature associated with El Niño and La Niña are amplified in the troposphere. This tropospheric amplification is expected to be largest in the tropics and, although it is seen at short time-scales, its apparent absence over longer periods is a source of enduring controversy (Thorne et al., 2010) .
Regional and local climate
In Europe, 2010 was the coldest year since 1996 with an annual average temperature anomaly of +0.24 ± 0.13 degC ( Figure 8 ); in the UK and Central England regions it was the coldest year since 1986 with anomalies of −0.4 degC and −0.6 ± 0.1 degC respectively. In both the Central England Temperature (CET) and UK series, January, February, November and December were all a degree or more below the 1961-1990 average (Table 1) . During the winter of 2009-2010, cold conditions ( Figures 5 and 9 ) caused a great deal of disruption across northern Europe and Russia. The cold period coincided with a record negative winter North Atlantic Oscillation (NAO) index (Figure 6 ). The NAO index is an indicator of the strength of westerly winds blowing off the warm Atlantic: when the NAO is negative, westerly winds are weaker and cold easterly winds become more common. The daily NAO index turned negative in midDecember 2009 and remained below average for the rest of the winter except for a spell in mid-January. Although northern Europe experienced a cold winter, temperatures in southern Europe were above average. Because of the associated lapse in westerlies, the negative phase of the NAO is typically accompanied by drier-than-average conditions, particularly in the west and north of the UK. The winter and early spring were drier-than-average in the west of the country, with drier-than-average conditions extending further east in April. The dry spell lasted until June (Table 1) with the UK average precipitation for January-June 2010 being only 74% of the 1961-1990 average. In the past 100 years, only 1929 had a drier first half to the year. The dry spell ended in July which was wetter-thanaverage over much of the country. The southeast, which remained dry in July, had a wet August.
Throughout the summer, above average temperatures were experienced across most of Europe and western Russia. Although the most extreme temperatures were recorded in the region around Moscow, which reported a July anomaly of almost 7 degC, the positive temperature anomaly in northern Europe in July was 2.95 ± 0.25 degC, the highest July average on record for the region. The summer average temperature in northern Europe was comparable to that of 2003.
It is interesting to compare the relative significance of the cold and warm spells in Europe. The unusual cold in January extended over much of northern Eurasia, whereas the unusual warmth in July was more localized, with an area of below average temperatures further east. Although January was cold in northern Europe, it was well within the historical range of January temperature anomalies, whereas July was locally the warmest on record, exceeding 1958-2009 and 1979-2009 . RSS (Mears and Wentz, 2009a; 2009b) and UAH (Christy et al., 2003) (Parker and Horton, 2005, updated) and European (Brohan et al., 2006, updated) temperature anomalies (degC relative to 1961-1990 (Parker et al., 1992) . Monthly and annual mean CET (Manley, 1974; Parker et al., 1992) , UK temperature Hollis, 2005a, 2005b) , total England and Wales precipitation (Alexander and Jones, 2000) and UK precipitation for 2010. The UK 2010-2011 winter weather began unusually early. In late November, winds from the east or north brought two spells of persistent snow and very low temperatures which lasted until just after Christmas. Temperatures fell below −10°C across wide areas and in Scotland temperatures below −20°C were recorded. Snow depths accumulated to more than 50cm across the high ground of eastern England and eastern Scotland. These were the most significant and widespread snowfalls in late November since November 1965, whilst December was the coldest in the UK in the last 100 years, with temperatures 5 degC below the 1961-1990 average, and the coldest in the Central England region for 120 years. The mean CET for December was −0.7°C. The 31-day period beginning 27 November, with an average CET of −1.5°C, was, by more than half a degree, the coldest 31-day period beginning in November in the entire 239-year daily CET record.
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In the north African Sahel, on the southern fringes of the Sahara, rainfall in 2010 was slightly below the long-term average (Figure 11 ). Despite this, it was the wettest year since 1999. Although the past decade was drier than the long-term average, it was moister than during the droughts of (degC, relative to 1961-1990) for December 2009 to February 2010 , March to May 2010 , June to August 2010 , and September to November 2010 . Data are an update of Brohan et al. (2006 Rudolf and Rubel (2005) , Rudolf and Schneider (2005) , Schneider et al. (2010) . ) for September . Ice extent is defined as the total area of 1° latitude × 1° longitude grid boxes in which the sea ice concentration is 15% or above. The analysis is an update of Rayner et al. (2003) . 1950 1960 1970 1980 1990 -1987 and 1972-1973 . The Sahel rainfall series is not representative of some semi-arid areas of North Africa, such as mountainous, data-sparse Ethiopia (Conway et al., 2004) , but Dai et al. (2004) (Nicholson, 1985) . (Chen et al., 2002) .
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